spacing / yield traits / branch diameter / branch angle / cumulative branch area Abstract • We studied the differences in branch characteristics along the stems of six different genetic entries of 20 year old Scots pines (Pinus sylvestris L.) grown at different spacing (current stand density range 2000-4000 trees ha −1 ) in central Finland. Furthermore, we studied the phenotypic correlations between yield, wood density traits and branch characteristics. All the genetic entries had Kanerva pine (plus tree S1101) as a father tree, whereas the mother tree represented Finnish plus trees from southern, central and northern Finland.
INTRODUCTION
The value of the raw material for solid wood processing is affected by the stem volume and potential sawn timber quality (e.g. branch characteristics, knot properties and stem straightness). These traits are of primary importance in long-term tree breeding programmes for Scots pine (Pinus sylvestris L.) (Haapanen et al., 1997; Hannrup et al., 2000 , Ståhl, 1988 . Silvicultural management (e.g. control of initial spacing, tending of seedling stand and thinning) affects the radial growth of trees and consequently, the growth, mortality and self-pruning of branches along the stem, with implications for the properties of the sawn timber (see e.g. Ikonen et al., 2009 ). Because of the strong correlation between the growth of stem and branches in Scots pine, the reduction of branch size is only possible at the expense of total tree growth (e.g. Mäkinen, 1999a; Mäkinen and Colin, 1998) .
In Scots pine, like in other coniferous species, the average size of living branches increases along the stem from the stem apex to the living crown base (Kellomäki et al., 1999; Mäkinen et al., 1999b ). However, it is possible to control the growth of the stem and branches in the middle and lower crown by controlling the light competition, especially in the early phase of the rotation. This can be done by the appropriate choice of initial spacing, timing and intensity of tending of seedling stand and/or first thinning. As a result, the quality of the most valuable lower part of the stem can be improved.
On the other hand, different genetic entries may show differences in their stem and branch characteristics (e.g. Haapanen et al., 1997; Velling, 1988) , and their response to different management regimes may vary, to some degree, depending on the environmental conditions of the site (e.g. Zobel and Talbert, 1984) . In Finland, tree breeders have paid special attention to a genetic entry called Kanerva pine (S1101), which was originally found in Punkaharju, • 43 N, long. 28
• 25 E, alt. 85 m). About 50% of its offspring are characterised by a high growth rate, a high stem wood productivity, reduced stem tapering, narrow crown and short and thin branches with an insertion angle close to 90 degrees (e.g. Kärki, 1985; Pöykkö, 1993; Pöykkö and Velling, 1993) . However, poor stem straightness is typically observed in Kanerva pine, although this undesired characteristic can be avoided by crossing Kanerva pine with other genetic entries possessing superior stem straightness. Few studies exist on the phenotypic or genetic correlations between yield, stem quality traits (e.g. stem straightness, branch characteristics) and average wood density in Scots pine (Haapanen et al., 1997; Hannrup et al., 2000) . In these studies, weak negative or no genetic/phenotypic correlations have been reported between traits such as branch angle, branch thickness, number of branches, stem straightness and average wood density. However, according to Hannrup et al. (2000) , for example, relative branch diameter correlates positively with wood density in Scots pine. Previously, Velling (1988) suggested that if there is a preference for narrow-crowned Scots pine trees with fine branches and large branch angle this might lead to lower average wood density. Contradictory evidence exists in the literature for the relationship between growth rate and wood density in Scots pine. It has been found, that an increase in stem growth decreases the average wood density (Wilhelmsson et al., 2002) , but a non-significant or a weak positive relationship between these traits has also been observed (Mörling, 2002) . This has also been the case for lodgepole pine (Pinus contorta) (Wang et al., 2000) .
The simultaneous effects of spacing and genetic entry on the yield traits, branch characteristics and wood density have not been previously studied in detail for Scots pine in Finland, as few experiments have been designed for this purpose. In this context, the main aim of this work was to study the differences in branch characteristics along the stem of six genetic entries (full-sib families) of 20 year old Scots pine trees grown at different spacing (with current stand density range of 2 000-4 000 trees/ha) in central Finland. Furthermore, we studied the phenotypic correlations between different yield traits, branch characteristics and average wood density. In our study, Kanerva pine (plus tree S1101) was one of the parent trees for all six genetic entries, while the other parent trees represent Finnish plus trees with a relatively wide geographical range from southern to northern Finland. Therefore, we expected differences in branch characteristics, as well as in other traits, between these crossings. The present research is continuous work for those shown previously by Gort et al. (2009) and Peltola et al. (2009) , investigating the effects of spacing and genetic entry on the phenotypic variation of growth/yield and wood density traits and fibre properties in Scots pine.
MATERIAL AND METHODS

Experimental data
The material used in this study was obtained from a Scots pine spacing trial established in 1987 at Siilinjärvi (trial 1216/01) in central Finland (63
• 06 N, 27
• 41 E, 1 100 degree days, 85 m above sea level). This trial is located on agricultural soil (high fertility) and it consists of three different spacing treatments with initial stand densities of 2 000, 4 000 and 8 000-8 200 seedlings ha −1 . In autumn 2000, the tending of the seedling stand was done in this trial, excluding the widest spacing, which was left unmanaged (later referred to as spacing 1). The medium spacing was thinned to a stand density of 2 000-2 500 seedlings ha −1 (spacing 2) and the densest one was thinned to 4 000 seedlings/ha (spacing 3). From this trial, in autumn 2008 altogether 6 of the 20 genetic entries (full-sib families) were harvested, with all of them having Kanerva pine (plus tree S1101) as a parent tree, whereas the other parent trees represented Finnish plus trees with a relatively wide geographical range from southern to northern Finland (Tab. I).
From each spacing and genetic entry, five sample trees were randomly harvested (Tab. I), i.e. a total of 90 sample trees. We measured tree height (H, m), stem diameter at both breast height (DBH, mm) and at 6 m height from the stem base (D6, mm) for each sample tree, and calculated the stem volume (V, m 3 ) based on functions developed by Laasasenaho (1982) for Scots pine. Moreover, sample discs were cut at 1 m height from the stem base in each sample tree for the average wood density measurements.
Branch measurements started at the second whorl from the tree top followed by the measurements at every third whorl (i.e. whorls 2, 5 and 8). In each whorl, only the main living branches were measured (whereas small or dead branches were ignored). The distance of each whorl from the tree top was determined. Altogether, the following branch characteristics were measured: (i) branch diameter at one centimetre distance from stem insertion point (BD, mm), (ii) branch length (BL, cm) and (iii) branch insertion angle (BA, degrees) to the nearest 10
• (i.e. 0
• for vertical and 90
• for perpendicular angle with tree stem). Crown base height (CBH, cm) was defined as the lowest whorl having at least one living branch (criteria: green needles, above which all main branches should be alive). We only considered the living branches, because pruning of dead branches was carried out in the field experiment during winter 2005-2006 before we harvested our study material.
The intra-ring wood densities were measured from pith to bark for each sample tree by the ITRAX X-ray microdensitometer (Cox Analytical Systems, Göteborg, Sweden) at the University of Eastern Finland, School of Forest Sciences. For this purpose, rectangular wood specimens of 5 mm × 5 mm size were cut out from pith to bark (into north direction) of the stem discs taken at 1 m above ground. After stabilising the wood specimens for a few weeks to have a moisture content of 12% (air dry), they were scanned in batches using the ITRAX (for further detail see Peltola et al., 2009 ). For each sample tree, the average wood density was obtained by averaging the measured wood density profile from pith to bark.
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Differences in Scots pine branches grown at different spacing Ann. For. Sci. 67 (2010) 705   Table II . Effects of spacing (S), genetic entry (GE), origin group (OG) and their interaction (spacing × genetic entry, spacing × origin group) for diameter at breast height (DBH), tree height (H), stem volume (V), wood density (WD), and living branches as an average for all tree: number of branches (NLB), average branch length (ABL), relative crown base height (RCBH), relative cumulated branch area (RCBA), average branch angle (ABA) and relative average branch diameter (RABD). 
F-values
Data analyses
Based on measured branch characteristics the following variables were calculated for each sample tree: (i) average branch diameter (ABD, cm); (ii) average branch angle (ABA, degrees); (iii) average branch length (ABL, cm); (iv) relative average branch diameter (RABD = ABD/DBH); (v) cumulative cross-sectional branch area (CBA); based on cross sectional areas of individual branches (assuming diameter of branches circular); (vi) relative cumulative crosssectional branch area (RCBA = CBA/CST × 100%, where CST is the stem surface area calculated by dividing the stem into three truncated cones), and (vii) total number of living branches (NLB). Furthermore, it was determined the branch free stem height in relation to tree height (RCBH = CBH/H, CBH being the crown base height).
Statistical analyses were carried out using the SPSS statistical program package 16.0 (SPSS for Windows, version 16.0, SPSS, Chicago, IL). Differences in yield traits (DBH, H, V), averages for branch characteristics (ABD, ABA, ABL, RABD, CBA, RCBA, NLB), branch free stem height in relation to tree height (RCBH), as well as average wood density (WD) between genetic entries and origin groups (i.e. northern, central and southern origins, see more details Tab. I) in each spacing were tested with a one-way ANOVA, by applying a pairwise analysis (with a Tukey pairwise test, p < 0.05).
The homogeneity of the variance (Levene's test of equality of error variances) and normality of the data (Kolmogorov-Smirnov test) were also tested. However, due to a lack of homogeneity of variances for ABL, the Games-Howell post-hoc test was applied. To test the simultaneous effects of genetic entry or origin group and spacing we applied a two-way ANOVA.
A mixed modelling approach was also applied to study the effects of spacing, genetic entry/origin group and branch age (whorl number) on the average branch diameter and branch angle. This approach allowed us to take into account the hierarchical structure of the measurements (see e.g. Mäkinen and Colin, 1998) controlling the source of variation inside clusters (whorls of individual trees) and between them (spacing and genetic entry or origin group). In the mixed modelling approach tree size was used as a covariate (DBH) and correspondingly individual sample trees as a random effect.
The general form of the model is as follows,
where Y is a vector with the observation for average branch diameter or average branch angle; A is a matrix of fixed effects with α as an associate vector; while B is the matrix with random effects with β as its associate vector, and ε is a vector of error terms. The relationships between different traits were examined for the different genetic entries using phenotypic correlations, which were computed using the Pearson's correlation method; r p = σ p1p2 /(σ p1 × σ p2 ), where σ p1p2 is the phenotypic covariance between properties 1 and 2, while σ p1 and σ p2 are the phenotypic standard deviations for properties 1 and 2, respectively. Correlations were expected to be significant at p < 0.05 level. The r p was computed for individual genetic entries in a similar way as was done in our previous work for Scots pine Peltola et al., 2009 ). We calculated phenotypic correlations, because the relatively small number of sample trees available for each genetic entry and spacing did not support the calculation of genetic correlations (Hannrup et al., 2000; Klein et al., 1973) .
RESULTS
Yield traits, average wood density and branch characteristics
Spacing significantly affects (p < 0.05) all the yield traits, i.e. height, diameter at breast height and stem volume (Tab. II). In spacing 3 (with stand density of 4000 trees ha −1 ), DBH and V are, on average, 15-16% and 20% smaller, respectively, but H 5-7% higher compared to spacing 1 and 2 (with stand densities of 2 000 and 2 000-2 500 trees ha −1 ). Unlike DBH and V, H is also affected by the genetic entry and origin group (Tab. II). In all three spacings, the central origin shows the highest H on average (for spacing 1 and 2, p < 0.05) (Tab. III). Average wood density is affected by spacing and origin group, but not by the genetic entry (Tab. II). Among the origin groups, the southern one shows the lowest WD in all three spacings. Furthermore, the widest spacing (spacing 3) shows, on average, the lowest WD, regardless of genetic entry or origin group (Tab. III). 3 ) and wood density (WD, g cm −3 ) in spacing 1, 2 and 3 (current stand density of 2 000, 2 000-2 500 and 4 000 trees ha −1 , respectively) and for all spacings. Different letters indicate differences among origin groups (OG) within each spacing, Tukey (p < 0.05).
Northern 140 ± 26a 11.9 ± 7a 0.10 ± 0.04a 0.386 ± 0.03a Central 137 ± 17a 12.9 ± 9b 0.11 ± 0.02a 0.372 ± 0.03ab Southern 135 ± 27a 11.7 ± 7a 0.09 ± 0.04a 0.360 ± 0.02b All 137 ± 23 12.2 ± 9 0 .10 ± 0.03 0.373 ± 0.02 Spacing 2 Northern 133 ± 21a 11.2 ± 8a 0.09 ± 0.03a 0.385 ± 0.03a Central 141 ± 25a 12.6 ± 7b 0.11 ± 0.04a 0.386 ± 0.02a Southern 135 ± 23a 11.9 ± 7ab 0.09 ± 0.03a 0.369 ± 0.02a All 136 ± 22 11.9 ± 9 0 .10 ± 0.03 0.380 ± 0.02 Spacing 3 Northern 121 ± 36a 12.5 ± 11a 0.09 ± 0.05a 0.368 ± 0.02a Central 112 ± 10a 13.3 ± 6a 0.07 ± 0.01a 0.376 ± 0.01a Southern 113 ± 21a 12.7 ± 9a 0.07 ± 0.03a 0.360 ± 0.03a All 115 ± 25 12.8 ± 9 0 .08 ± 0.04 0.368 ± 0.02 All spacing Northern 131 ± 29a 11.9 ± 10a 0.09 ± 0.04a 0.380 ± 0.03a Central 130 ± 22a 12.9 ± 8b 0.09 ± 0.03a 0.378 ± 0.02a Southern 128 ± 25a 12.1 ± 8a 0.09 ± 0.03a 0.363 ± 0.02b
Total number of living branches, average branch length, relative crown base height and relative cumulative cross-sectional branch area are all affected by spacing (p < 0.05). In spacing 2, the NLB is, on average, 9-17% higher than in spacing 1 and 3, and it also has the longest branches, on average (Tab. IV). Furthermore, RCBA is, on average, 23-46% lower and RCBH 5-8% higher in spacing 3 than in spacings 1 and 2.
Average branch characteristics such as NBL, ABL, RABD and RCBA are also affected by the origin group, but not by the genetic entry. In a similar way, no spacing × genetic entry interaction is found, but spacing × origin group interaction affects NLB (Tab. II). Northern origin (average for genetic entries 15 and 16) has the lowest NLB in spacing 1 and 2, while in spacing 3 southern origin has the lowest NLB. Additionally, southern origin has the lowest ABL and RABD, regardless of spacing. Spacing significantly affects RCBH, which is the highest in the densest spacing (spacing 3), while genetic entries and origin groups have no effect on RCBH.
Branch characteristics along the stem
The variation observed in average branch diameter along the stem is significantly affected by the spacing, branch age (whorl number) and origin group, but not by genetic entry. Regarding ABD in each whorl, the northern origin differs significantly (p < 0.05) from the southern one (Tab. V, Fig. 1) . As a comparison, the variation observed in average branch angle along the stem is affected by the branch age (whorl) and genetic entry or origin group, but not by spacing (Tab. V). Moreover, in both variables, ABD and ABA, the northern origin differs significantly from the southern one (Fig. 2). 
Phenotypic correlations between different traits
The phenotypic correlation for tree height and diameter at breast height (DBH) with stem volume is statistically significant (p < 0.05), ranging from moderate to high. However, V is calculated based on DBH and H. The diameter at breast height does not correlate with H (Tab. VI). Average wood density correlates negatively with DBH and V. In general, DBH and V also correlate significantly with all the studied branch characteristics (no correlation between V and ABA). On the contrary, H correlates significantly only with relative average branch diameter. For instance, the correlations between DBH with average branch length and number of living branches is moderate and positive, whereas with relative crown base height it is moderate, but negative (p < 0.05).
Among the branch characteristics, ABL and NLB correlate negatively with RCBH, and positively with ABA. RABD and RCBA correlate positively with ABL, but negatively with ABA (p < 0.05). RABD is also negatively correlated with H, DBH and V. Furthermore, RCBA is positively correlated with DBH and V, but not with H. However, most of these correlations are low to moderate.
DISCUSSION AND CONCLUSIONS
Initial spacing, tending of seedling stand and thinning can be used to control the growth, mortality and self-pruning of branches, especially in the most valuable lower part of the stem in tree species like Scots pine (e.g. Mörling, 2002; Ståhl, 1988) . However, because the growth of stem and branches correlates strongly (and positively), branch size could usually be reduced only at the expense of total tree growth (e.g. Mäkinen, 1999a; Mäkinen and Colin, 1998) . On the other hand, different genetic entries may show differences in their stem growth and branch characteristics, which was found previously, for example, in Scots pine (e.g. Haapanen et al., 1997; Velling, 1988) . In our work, Kanerva pine (plus tree S1101) was a father for all genetic entries, while a mother represented Finnish plus trees grown in southern, central and northern Finland. Therefore, we expected to find differences in branch characteristics 705p4 Differences in Scots pine branches grown at different spacing Ann. For. Sci. 67 (2010) 705 Table IV . Mean and standard deviation (sd) for relative crown base height (RCBH), relative cumulative cross-sectional branch area (RCBA), average branch length (ABL, cm), number of living branches (NLB), average branch angle (ABA, degrees) and relative average branch diameter (RABD) in spacing 1, 2 and 3 (current stand density of 2 000, 2 000-2 500 and 4 000 trees ha −1 , respectively) and for all spacing. Different letters indicate differences among origin groups (OG) within each spacing, Tukey (p < 0.05).
Northern 23.4 ± 5.6a 95 ± 36a 0.57 ± 0.06a 0.21 ± 0.06a 35 ± 10a 0.165 ± 0.01a Central 25.9 ± 6.3ab 91 ± 27a 0.62 ± 0.06a 0.18 ± 0.05a 34 ± 13a 0.165 ± 0.01a Southern 30.9 ± 6.9b 78 ± 24a 0.59 ± 0.05a 0.18 ± 0.07a 41 ± 14a 0.142 ± 0.02a All 26.7 ± 7.0 88± 36 0.59 ± 0.06 0.19 ± 0.06 37 ± 11 0.157 ± 0.02 Spacing 2 Northern 24.9 ± 4.9a 104 ± 28a 0.58 ± 0.04a 0.17 ± 0.05a 39 ± 8a 0.158 ± 0.02a Central 28.8 ± 6.0ab 102 ± 46a 0.54 ± 0.06a 0.16 ± 0.06a 47 ± 14a 0.146 ± 0.04a Southern 32.8 ± 6.5b 76 ± 43a 0.60 ± 0.05a 0.15 ± 0.05a 46 ± 19a 0.137 ± 0.04a All 29.0 ± 6.8 94± 28 0.57 ± 0.05 0.16 ± 0.06 44 ± 12 0.147 ± 0.02 Spacing 3 Northern 25.5 ± 8.1a 70 ± 23a 0.62 ± 0.06a 0.15 ± 0.06a 35 ± 8a 0.150 ± 0.02a Central 26.9 ± 3.3a 68 ± 19a 0.62 ± 0.04a 0.10 ± 0.03a 39 ± 7a 0.142 ± 0.01a Southern 21.7 ± 4.7a 61 ± 24a 0.63 ± 0.04a 0.12 ± 0.04a 35 ± 12a 0.147 ± 0.01a All 24.7 ± 6.0 66± 22 0.62 ± 0.05 0.13 ± 0.05 36 ± 9 0 .146 ± 0.02 All spacing Northern 24.6 ± 6.3a 90 ± 32a 0.59 ± 0.06a 0.18 ± 0.06a 36 ± 9a 0.158 ± 0.02a Central 27.2 ± 5.1a 87 ± 33a 0.60 ± 0.06a 0.15 ± 0.05a 40 ± 12a 0.151 ± 0.02ab Southern 28.5 ± 8.2a 71 ± 26a 0.60 ± 0.06a 0.15 ± 0.06a 41 ± 13a 0.142 ± 0.01b Table V . F-value for intercept, spacing, genetic entry (GE), whorl, whorl × GE interaction, origin group (OG) and whorl × OG interaction for average branch diameter (ABD) and average branch angle (ABA). Average branch diameter (ABD) modelled as a function of branch age for: (i) spacing 1, 2 and 3 (current stand density of 2 000, 2 000-2 500 and 4 000 trees ha −1 , respectively) on average for all genetic entries (left); and (ii) different origin groups (southern, central and northern) on average for all three spacings (right). as well as in other traits (yield and wood density) between these crossings, and regardless of spacing. In our work, spacing affects all the yield traits (p < 0.05), unlike genetic entry or origin group. The diameter at breast height and stem volume are, on average, the highest in the two widest spacings (in which stand density differs significantly only before tending of seedling stand), while in the densest one the average tree height is the highest. Regardless of spacing, central origin shows, on average, the highest H. This might result from the fact that the mother trees of trees representing central origin have also been growing in a similar climatic conditions unlike those of southern and northern ones. Contradictorily to our work, Persson et al. (1995) reported differences in stem volume growth in different genetic entries of Scots pine.
Spacing and origin group also affects average wood density, unlike individual genetic entry. In our work, the northern origin has, on average, the highest WD, regardless of the spacing (Fig. 3) . This result is in line with other previous findings where northern provenances transferred to the south have, on average, higher WD than the local ones (Ståhl and Ericson, 1991) . Additionally, Persson et al. (1995) found differences among genetic entries and spacings for WD in Scots pine. Likewise, Zubizarreta Gerendiain et al. (2007 ) observed differences for WD among origin groups and/or genetic entries in Norway spruce (Picea abies) grown in Finland.
Similar to the yield and wood density traits, the relative values for relative crown base height, cumulative cross-sectional branch area and number of living branches (i.e. NLB) are affected by spacing (p < 0.05). However, for example, RABD is not affected by the spacing as such, because, along with changes in DBH, branch size also changed and vice versa. In the densest spacing, RCBA (in sampled whorls 2, 5 and 8) is lower than in the two widest spacings. This is in line with the previous findings of Kellomäki and Tuimala (1981) , i.e. the branch cross sectional area per stem unit is negatively correlated to the stand density. This result could be explained by the fact that the dynamics of crown development (and thus, branches) depends on the light available in the lower canopy (Kellomäki et al., 1999) . Branch characteristics such as relative average branch diameter and relative cumulative crosssectional branch area could, in general be taken as important factors from the point of view of timber quality. In our work, they are both affected by the origin groups, but not by the genetic entry. The northern origin has, on average, the highest RABD and RCBA, but also DBH (Fig. 3) .
The differences observed in the average diameter of living branches along the stem (between whorls 2 and 8) could be explained by the branch age, spacing and origin group. The densest spacing has less light interception especially in the lower crown, reducing the growth rate of the lowest branches, compared to the wider spacing (e.g. Kellomäki and Oker-Blom, 1983) . Average branch angle of living branches over the stem can be explained by the branch age and genetic entry/origin group, but not by spacing. The ABD and ABA from the northern origin differs clearly from the other origins. In previous studies in Scots pine (Haapanen et al., 1997; Hannrup et al., 2000) , the heritability estimates have been considerably lower for branch characteristics, meaning that they could be influenced more by the environmental conditions (e.g. availability of light) and silvicultural management such as spacing, than by genetics. The phenotypic correlation for tree height and diameter at breast height with stem volume are positive and ranges from moderate to high in this work (however, V is calculated based on H and DBH). Furthermore, average wood density correlates negatively with DBH and V, which agrees with many other previous studies in Scots pine, as well as in many other coniferous species (e.g. Hannrup et al., 2000; Kang et al., 2004; Zubizarreta Gerendiain et al., 2007) . RABD also correlates negatively with H, DBH and V, whereas RCBA correlates positively with DBH and V, but not with H. In the same way, Haapanen et al. (1997) found that DBH and average branch diameter showed a reasonably high positive correlation. However, many of the correlations of yield traits with branch characteristics and among branch characteristics are from low to moderate, although they are significant in our work (p < 0.05).
The phenotypic correlations between WD and branch characteristics are also close to zero, and in many cases nonsignificant, which is in agreement with previous findings e.g. by Hannrup et al. (2000) . Few studies are available on the phenotypic or genetic correlations between yield and stem quality traits and average wood density in Scots pine (Haapanen et al., 1997; Hannrup et al., 2000) . In general, those also have reported no, or weak negative, genetic/phenotypic correlations between traits such as branch angle, branch thickness, number of branches, stem straightness and average wood density.
To conclude, despite the fact that all the genetic entries had, in our work, Kanerva pine as a parent tree we could still find some differences in yield, wood density traits and branch characteristics among different origin groups grown in the same spacing, but not between individual genetic entries. Nonetheless, in our study the number of replicates for each genetic entry was limited, which could partly explain this latter result. Furthermore, in line with previous findings, we could also find that the growth of branches can only be affected at expense of stem growth for instance by controlling the spacing. It would also have been valuable to consider the effects of spacing and genetic entry/origin group on characteristics of dead branches and their presence in the lower crown. Unfortunately, this was not possible due to earlier pruning of dead branches.
In the future, it may become necessary to balance the gain/loss between the quantity and quality of raw material (e.g. stem volume, average wood density and branch characteristics of trees), considering, in detail, the final target of wood production (e.g. pulp wood or sawn timber products). By doing so, it may even be possible to identify some genetic entries and their site specific management that could be the most suited to particular product types or processes. However, for this purpose, more detailed studies on this research area are needed, and based on larger number of genetic entries (representing wide geographical range), which have also grown under different climatic and management conditions (e.g. sites, silvicultural treatments) over longer period.
